Contemporary operative approaches to the internal auditory canal (IAC) require the creation of large surgical portals for visualization with associated morbidity, including hearing loss, vestibular dysfunction, facial nerve injury, and skull base defects that increase the risk of cerebrospinal fluid leak. Transcanal approaches to the IAC have been possible only via a transcochlear technique. To preserve cochlear function, we describe a novel endoscopic transcanal infracochlear approach to the IAC in cadaveric temporal bones. Navigation fiducials were secured on fresh cadaveric heads, and real-time computed tomography imaging was used for surgical guidance. With a combination of curved instruments and rigid angled endoscopy, a transcanal hypotympanotomy and subcochlear tunnel were created with superior extension to access the IAC. Postprocedure imaging and temporal bone dissection confirmed access to the IAC without injury to the cochlea or neighboring neurovascular structures.
S urgical navigation and high-definition endoscopy offer the opportunity to rethink contemporary approaches to the lateral skull base. Otologic navigation has been applied for a host of indications when used with the microscope, 1,2 but a postauricular incision and significant bone removal are needed to access structures of the lateral skull base. In contrast to the microscope, the rigid endoscope can provide wide-field views of the middle ear and skull base through the external auditory canal. [3] [4] [5] Combining lateral skull base navigation and endoscopic ear surgery techniques, we aim to demonstrate a minimally invasive, transcanal, infracochlear approach to the internal auditory canal (IAC) with cochlear preservation in cadaveric specimens.
Methods

Study Materials
The study was approved by the Massachusetts Eye and Ear Infirmary Institutional Review Board. A total of 7 boneanchored fiducials were placed on operative and contralateral sides in fresh cadaveric heads (n = 3). High-resolution computed tomography (CT) scan was obtained for electromagnetic-based image guidance (Fusion; Medtronic, Dublin, Ireland). Rigid endoscopes (3 mm, 0°and 30°, 14-cm length; Karl Storz) connected to a high-definition video camera (Karl Storz, Tuttlingen, Germany) and tower were used for transcanal visualization. Instruments included commercially available straight and curved burs (Medtronic) and a stapes curette (Miltex, York, Pennsylvania). Drill speeds were set at 50,000 revolutions per minute. Gross dissection and CT imaging of each specimen were performed postoperatively.
Surgical Technique
The overall aim of the dissection is to access the IAC through a transcanal technique, avoiding the jugular bulb, facial nerve, carotid artery, and cochlea. The approach may theoretically allow for hearing preservation via a minimally invasive surgical portal. With a 0°endoscope, the tympanic membrane was visualized. A Rosen knife was used to incise the canal skin anteriorly, inferiorly, and posteriorly to create a tympanomeatal flap based superiorly between the notch of Rivinus and the anteriorsuperior canal wall. This was elevated and left attached to the malleus. The flap was tucked superiorly and protected throughout the case. The ossicular chain was left intact. Under endoscopic visualization, a 4-mm cutting bur, followed by a 4-mm diamond bur, was used to perform a transcanal hypotympanotomy, similar to an infracochlear approach to the petrous apex. Bone was removed posteriorly, avoiding the mastoid air cells and protecting the vertical segment of the facial nerve. Bone was removed inferiorly to define the jugular bulb.
Within the tympanic cavity, a 3-mm diamond bur was used to define the superior aspect of the jugular bulb and to define the petrous carotid anteriorly. The round window niche was exposed by removing the funiculus and entering the subcochlear tunnel (Figure 1) . With use of a 2-mm diamond angled drill through the ear canal, the bone of the cochlear basal turn was thinned under image guidance to widen the infracochlear tunnel ( Figure 2) . Four landmarks now define the transcanal infracochlear approach: carotid anteriorly, jugular bulb inferiorly, facial nerve posteriorly, and cochlea superiorly ( Figure 2) .
Navigation defines the trajectory necessary to access the IAC, and the large hypotympanotomy allows the drill and endoscope to be utilized simultaneously. A superiorly oriented infracochlear canal through the petrous bone is possible through the 2-mm and then 1-mm diamond curved burs. Care was taken not to drill directly medially, to avoid inadvertent access into the posterior fossa. Navigation was used to confirm the location, distance, and trajectory of the IAC. All 3 views are utilized, with the sagittal view providing key surgical windows. Final bony removal inferior to the IAC (described as an internal auditory canalotomy) is performed with angled bone curettes ( Figure 2 ).
Results
Bone-anchored fiducials achieved an error margin of 0.2 to 0.6 mm. The combination of rigid endoscopes and highaccuracy surgical navigation provided adequate visualization and approximation of critical structures. None of the 3 bones demonstrated damage to the ossicular chain, cochlea, jugular bulb, carotid artery, or facial nerve based on gross inspection or CT (Figures 2 and 3) . Bone covering the cochlea and internal carotid was as thin as 0.5 mm, demonstrating the critical need for highly accurate surgical navigation.
Discussion
Using a navigation-assisted transcanal endoscopic approach, we demonstrate the ability to reach the IAC without violating the cochlea. Access to the IAC is commonly achieved through a translabyrinthine, retrosigmoid, or middle fossa craniotomy; however, each carries a risk of morbidityfrom hearing loss to facial nerve injury, cerebrospinal fluid leak, and brain retraction. 6 In contrast, a transcanal retrocochlear approach to the IAC may decrease morbidity and prove useful for direct delivery of chemotherapy, brachytherapy (for schwannomas), and emerging biologics for the treatment of hearing loss.
There are notable limitations to a transcanal retrocochlear approach: First, the transcanal approach is technically challenging given the lack of appropriately sized and angled surgical instruments. Second, drilling near the cochlea or the IAC may lead to unforeseen injury that may not be identified in a cadaveric study, such as hearing or vestibular dysfunction. Third, patients with a high-riding jugular bulb, an aberrant carotid, or a lack of subcochlear tunnel may not be candidates for this approach. The limited sample size may underrepresent the proportion of anatomic variants in which the proposed technique will be appropriate. Finally, the use of navigation in otologic surgery is in its development, and accuracy remains system and operator dependent. A larger study that highlights anatomic variation, navigation system accuracy, and preprocedure imaging landmarks will be crucial to determine the clinical feasibility of the proposed technique.
Conclusion
We demonstrate an endoscopic transcanal, retrocochlear approach to the IAC using endoscopy and navigation technology that spares the cochlea in a pilot cadaveric study. 
